The mechanism where flavor symmetry of the standard model is broken spontaneously within the strong interactions of QCD is generalized for models involving nonets of pseudoscalar and vector mesons. After the breaking of chiral symmetry by the vacuum, creating singlets and degenerate octets of massive vector mesons and near massless pseudoscalars, also the SU3 f symmetric spectrum is shown to be unstable with respect to s quark loops, and broken into a stable isospin symmetric mass spectrum close to the physical one.
unitarity, is unstable with respect to quantum loops involving quark pair creation. The instability followed from the nonlinear self-consistency equations for inverse meson propagators containing loops described diagrammatically in Fig. 1 .
The insight that such a spontaneous flavor symmetry breaking mechanism, rather than the conventional explicit symmetry breaking through quark masses, might be the true mechanism in the real world, has emerged from earlier studies of meson masses and widths including quark loops [3] , where most of the flavor symmetry breaking comes from the threshold positions in loops.
In order to make the mechanism for spontaneous flavor symmetry breaking as transparent as possible I made in [2] the simplifying assumption of C-degeneracy of multiplets. Thereby one obtains an OZI rule obeying model, which already for two flavors demonstrates why, for the exactly symmetric solution one has an unstable situation, -a small symmetry breaking ∆m in the masses of the loop generates an even bigger symmetry breaking in the output mass spectrum. A stable self-consistent mass spectrum is obtained only when the degeneracy of the flavor multiplet is broken down to an approximately equally spaced spectrum, which is ideally mixed and obeys the OZI rule.
But, the physical mass spectrum, after confinement and chiral symmetry breaking in the vacuum, is certainly not C-degenerate. Any confining mechanism should give the quark model rule C = (−1)
L+S , and masses which depend on spin (S) and angular momenta (L). Therefore, the C-degeneracy and consequently the OZI rule is violated in the real world. In particular, the pseudoscalars (P ), for which C = +, are not degenerate with the vectors (V ), for which C = −, and consequently the OZI rule must be violated for loops like
Here I shall present a model consistent with this fact, i.e. I relax the C-degeneracy condition, as promised in [2] . Thereby the model can approximate the real world for three light flavors, and if correct it should generate SU3 f breaking, singlet-octet splittings, and deviations from ideal mixing of the right sign and approximate magnitude. The same mechanism which mixes ss with uū + dd also mixes uū and dd. A priori, it is possible that one finds that precisely for the linear combinations uū ± dd of pure isospin one obtains a stable solution. Then the isospin subgroup is stable i.e., not broken spontaneously. Here I shall, in fact, show that this is what actually happens in a model involving the ground state meson nonets (P 9 and V 9).
In the discussion it is useful to distinguish four steps of symmetry breaking from the largest symmetry down to the physical meson spectrum ( Fig.2 ):
(i) The formation of an SU3 f symmetric, but unstable, spectrum after confinement and spontaneous chiral symmetry breaking of the vacuum. Here one allows for explicit vectorpseudoscalar splitting. The pseudoscalar octet P 8 is composed of massless Goldstone bosons, while P 1, V 1 and V 8 must at the same time be massive and nondegenerate in order to have a spectrum self-consistent with meson loops.
(ii) The instability generates mass to the pseudoscalar octet, but the members remain degenerate. The spectrum is thus still SU3 f symmetric although chiral symmetry is broken.
(iii) But the situation after (ii) is still unstable. Therefore one has further spontaneous breaking of the SU3 f symmetric spectum of (ii) to a stable isospin symmetric solution.
(iv) Finally a small conventional explicit isospin breaking from electroweak interactions splits the isospin multiplets.
The three first steps are pictured in Fig. 2 . All steps can occur at the same time, but in the discussion it is useful to treat them separately. In this paper I shall mainly be discussed with steps (ii)+(iii) taken together leaving details for the intermediate step (ii) with massless pseudoscalars to a subsequent paper.
The physical flavorless mesons are not ideally mixed uū, dd and ss states, as was assumed for simplicity in [2] . Therefore the flavor matrices for mesons are not alvays the trivial δ ij , but for the flavorless states mixtures: Λ α = j O αj δ jj , where the orthogonal mixing matrix O mixes the the uū and dd states to uū ± dd when isospin is exact, and furthermore mixes the uū + dd and ss states by a mixing angle δ, measuring the deviation from "ideal" mixing
. Also O will be determined by the self-consistent equation for the 3×3 mass matrix in the inverse propagators, which is diagonalized by O. Once O is determined the flavor related couplings for a vertex A α → B β C γ are given by the general formula
where S is determined by the charge conjugation quantum numbers of the three multiplets, (1) implies that all g's for one group of thresholds like P → P V are determined by only one mass dependent mixing angle (δ) and one overall coupling 1 .
We can now construct the loop contributions to the inverse propagators for the pseudoscalars including the P V and V V thresholds:
β,γ=1
[g
where the gap function (See [2] ) contains the kinematic dependence and phase space of one loop diagrams. SU6 predicts that the overall couplings are equal: g
, a constraint which shall be used here.
Summing over isospin states, and in order not to have too cumbersome notation choosing the special case of ideally mixed (δ V = 0) vector mesons and pseudoscalars threshold masses mixed as in the pure SU3 f frame (θ π : 4ρπ + 2KK
Similarily for the η − η ′ mass matrix one has: For the vector mesons one has similar equations as Eq. (2), involving P P , P V , and V V thresholds. There SU6 predicts that these should be added with the relative weights , but such relations are known to agree rather poorly with experiment. For our demonstrative purpose it is sufficient to add the V → P P thresholds (for which S = −) and the V → P V thresholds (for which S = +) with equal weights such that in fact we have
√ γ. Thus for the vectors we have very similar equations as those of Eq. (2) for the pseudoscalars, but with P P replacing P V and P V replacing V V . Now consider the SU3 f limit after step (ii) assuming as above the four overall couplings to be equal. One can sum over the degenerate octets, and θ SU 3 must vanish. For the octet and singlet pseudoscalar propagators one finds:
and similar equations for the vectors as discussed above.
In the limit m Pα = m Vα ≡ m 0 one has self consistency, or identical inverse propagators for all mesons P −1
, Λ)+c − βs. In fact, in this limit one has a very similar situation as the one discussed in [2] . There I showed that this solution is unstable, and that flavor symmetry will be broken spontaneously by the loops, such that the stable spectrum is ideally mixed and obeys approximately the equal spacing rule.
But once the vectors are required to be heavier than the near massless pseudoscalars (by having c P of Eq.(6) different from c V for the vectors) the situation is more complicated.
Already when SU3 f remains exact the singlet masses must be different from the octet masses as can be seen from the self consistency equations (6-7) and as was anticipated in Fig.1 . The singlets will be heavier since the nearest P V thresholds shift only the octet down. Then this unstable SU3 f symmetric configuration will be spontaneously broken down in a way which must compromize between the ideally mixed solution and the OZI rule violating SU3 f symmetric solution.
This solution can only be found numerically, as is done in Fig.3 
The value of r decreases from slightly above one (see Fig. 3 of [2] ) to about one third which is well below the instability limit r > 1. In detail this can be understood by looking at the K 0 − K + mass splitting and the uū and dd loop contributions to the K 0 and K
by (uū±dd)/ √ 2 after the isospin rotation in O. The latter distribute the flavor probabilities democratically and neutralizes the instability created if d is made heavier than u. Therefore the isospin symmetric solution is a stable solution. Of course isospin will still be broken by electroweak effects. Thus to understand the small physical isospin breaking one needs the conventional explicit symmetry breaking mechanism. Quark loops are of course also then needed, but should only slightly enhance the driving term from electroweak physics.
The whole of SU3 f cannot remain unbroken this way, since the P-V splitting can stabilize only one degree of freedom, not two. With three flavors the neutral uū, dd and ss probabilities cannot be distributed democratically for all three orthogonal flavorless states.
In particular the octet states uū − dd and uū + dd − 2ss contain very different amount of ss.
What happens for N f > 3 will be discussed in future papers. With sufficiently large cutoff it seems possible that also part of the heavier quark masses can be generated this way. Also the problem of step (ii) in Fig.2 of how the the massless P8 obtains its small mass is left for future work.
The spontaneous symmetry breaking we have discussed is not of the usual kind where the vacuum breaks the symmetry and the Goldstone theorem holds. In [2] we showed how actually the symmetry was broken in the meson wave functions of the solution. The number of degrees of freedom in the spectrum remains the same before and after the symmetry breaking. The effective potential is not of the "Mexican hat" form, rather it is a parabolic potential which by itself collapses to a flattened one. With a small conventional explicit symmetry breaking from electroweak physics the new mechanism only enhances the effective s-quark mass.
The numerical work in this paper (Fig.3) has been done only for demonstration, with no ambitions to fit the data exactly. As input parameters there was only the pion mass, the rho mass and the cut off Λ, but still a spectrum not too far from the physical one was obtained. The essential thing which was demonstated was that the "strange quark mass" can be generated spontaneously within strong interaction quark loops.
Numerous improvement of the actual fit to the spectrum could be done by including many other effects which were neglected. These include (a) more thresholds (in particular Step (i)
Step (ii)
Step ( 
